Background: Health examination surveys (HESs), carried out in Europe since the 1950's, provide valuable information about the general population's health for health monitoring, policy making, and research. Survey participation rates, important for representativeness, have been falling. International comparisons are hampered by differing exclusion criteria and definitions for non-response. Method: Information was collected about seven national HESs in Europe conducted in 2007-2012. These surveys can be classified into household and individual-based surveys, depending on the sampling frames used. Participation rates of randomly selected adult samples were calculated for four survey modules using standardised definitions and compared by sex, age-group, geographical areas within countries, and over time, where possible. Results: All surveys covered residents not just citizens; three countries excluded those in institutions. In two surveys, physical examinations and blood sample collection were conducted at the participants' home; the others occurred at examination clinics. Recruitment processes varied considerably between surveys. Monetary incentives were used in four surveys. Initial participation rates aged 35-64 were 45 % in the Netherlands (phase II), 54 % in Germany (new and previous participants combined), 55 % in Italy, and 65 % in Finland. In Ireland, England and Scotland, household participation rates were 66 %, 66 % and 63 % respectively. Participation rates were generally higher in women and increased with age. Almost all participants attending an examination centre agreed to all modules but surveys conducted in the participants' home had falling responses to each stage. Participation rates in most primate cities were substantially lower than the national average. Age-standardized response rates to blood pressure measurement among those aged 35-64 in Finland, Germany and England fell by 0.7-1.5 percentage points p.a. between 1998-2002 and 2010-2012. Longer trends in some countries show a more marked fall. Conclusions: The coverage of the general population in these seven national HESs was good, based on the sampling frames used and the sample sizes. Pre-notification and reminders were used effectively in those with highest participation rates. Participation rates varied by age, sex, geographical area, and survey design. They have fallen in most countries; the Netherlands data shows that they can be maintained at higher levels but at much higher cost.
Background
Sample based health examination surveys have been conducted in Europe since the late 1950's and in the USA since 1962 [1] . In several WHO member countries, health examination surveys are conducted under STEPS framework [2] . These surveys have provided valuable, objective information about the health of the general population, which can be used as a basis of health monitoring [3] and health policy making [4] as well as for evaluation of health promotion activities and research.
The best value for health examination surveys is obtained when results are reliable and represent the general population well. Hospital-based surveys or other surveys targeting only on patients are limited to those receiving healthcare. They will not identify undiagnosed disease, such as cases of hypertension, or diabetes [5] . Additionally, standardization of measurement protocols can be better controlled in specially designed health examination surveys than when data is collected from existing health care systems [6] . Standardized health examination surveys can also provide data which is comparable across populations.
The representativeness of the health examination survey data is strongly dependent on sample selection procedures and on the participation rates achieved, and also specification, measurement and processing errors' effect on representativeness. In questionnaire surveys, the mode of data collection may also affect participation rate [7] . The quality of different sampling frames available varies considerably both within and between countries [1] . Even when the best available sampling frames are used and probability samples are selected to obtain the best representation and coverage of the target population, non-participation in the survey may cause uncertainty regarding the representativeness of the survey results.
In the 1980s, it was possible to obtain a participation rate of 80 % in health examination surveys. Nowadays, participation rates of 40-50 % are common [1, 8] and this is becoming a major problem. Non-participation is selective, i.e. non-participants are more often young men, single and from lower socio-economic groups, having worse self-reported health, and they are more likely to be smokers than survey participants [9] [10] [11] [12] [13] [14] . Survey non-participants also have higher total and cause specific mortality than survey participants [15] [16] [17] .
In 1984-85, a response rate of 73.5 % was considered normal [18] . Decreasing survey participation rates have occurred in the USA [19] and Europe [20] [21] [22] [23] [24] . For example, in Finland, response rates for a health interview survey fell from 84 % in 1978 to 59 % in 2002 in men and from 85 % to 71 % in women aged ; the rate of decline varied considerably by age and sex [23] .
Much research has been done on the effects of different recruitment methods on survey participation in questionnaire based surveys. A Cochrane review evaluated 47 studies (from 1954 to 2008) on the effect of pre-notification before sending the actual questionnaire for survey invitees. Mailed pre-notification increased participation in the surveys, while telephone pre-notification did not have any significant effect [25] . Previous studies have shown that monetary incentives increase participation rates, particularly if provided unconditional on participation [25, 26] .
Only a few studies have investigated the effect of recruitment methods on health examination surveys [27] [28] [29] . It could be expected that most of the findings from questionnaire based surveys would be valid for health examination surveys also. It is important to examine the effects of different recruitment methods on survey participation. We need to find the most cost-effective way to obtain as high participation rates as possible.
The reliability and generalizability of survey results depend on the data collected being representative of the population the survey is intending to describe. Sampling methods, non-response, and measurement errors are the main issues that affect survey error. While random probability sampling from an appropriate sampling frame and robust measurement protocols with adequate training and quality assurance are within the researcher's control, nonresponse is more dependent on the sampled population and is of particular concern, [14] although it can be influenced by recruitment and promotion strategies.
A 2007 review discussed decreasing participation in epidemiological surveys [30] . Explanations suggested included the increasing number of research studies plus the proliferation of political polls, telephone marketing, and marketing surveys that may resemble scientific surveys. Survey information that arrives in the post or by telephone may be assumed to be "junk", arriving together with unsolicited mail or calls from commercial sources, building additional barriers to considering participation when contacted.
Health examination surveys (HESs) sampling the general population nationally have been conducted recently and on a number of previous occasions in several European countries and are being encouraged more widely [6] . One problem of international response rate comparisons is the use of different definitions of non-response.
The aim of this paper is to describe and compare sampling and recruitment methods used in national health examination surveys in seven European countries. We evaluate the representativeness of the survey for the general population; participation rates, analysed using standardised definitions, for various measurements by population sub-groups; and changes in these over time; and the different participation rates achieved.
Methods

Data
Survey organizers from seven European countries which had conducted at least two national health examination surveys (HESs) provided information about sampling and recruitment and details of participation rates for questionnaire or interview, specific measurements, and providing a blood sample, using standardised definitions.
Individual-based surveys
Four countries ran individual-based surveys. In Finland, population-based health surveys have been conducted at five-year intervals since 1972, initially in Eastern Finland only. In 1982-1992, the surveys were part of the multinational WHO MONICA Project [31] ; since 1992, the surveys have been called The National FINRISK Study, covering five areas in 2012 [3] [32, 33] . In Italy, the first national health examination survey (OEC) was conducted 1998-2002 and the second survey, Observatorio Epidemiologico Cardiovascolare/Health Examination Survey (OEC/HES) in 2008-2012 [34] . In the Netherlands, large-scale population-based health surveys were conducted annually 1987-1997. The most recent, Nederland de Maat Genomen (NLdeMaat) (Measuring the Netherlands), was carried out in two phases: Phase I in 2009 and Phase II in 2010 [35, 36] . The response rate in phase I in 2009 was only 30 % for those aged 18y and over (15 % aged 18-29y) ( Fig. 1 ). Several changes were made, including setting the minimum age, increase of the token of appreciation, and changes in the invitation procedures, and the examination hours offered. The results from the Netherlands presented in this paper are predominantly from phase II.
Household-based surveys
Three countries held household-based surveys. The Health Survey for England (HSE), has been conducted on a new sample annually since 1991 [37, 38] . All adults (maximum 10) are eligible for inclusion. Scottish Health Surveys (SHeS) were conducted in 1995 and 1998, when only one adult per household was sampled, and in 2003 then annually from 2008 onwards, with all adults (maximum 10) included [39, 40] . For each of these, an interviewer visits the home to collect information and measure height and weight. In Scotland (up to SHeS2011) and England, a nurse visits subsequently to take further measurements (including blood pressure) and collect biological samples, including a blood sample in most years.
In the most recent Survey of Lifestyle And Nutrition (SLÁN) in Ireland in 2007, one adult per household was randomly selected for a health interview [41] . A subsample of those aged under 45 years also had height, weight and waist circumference measured, while a second sub-sample of those aged over 45 years were invited to have a full health examination.
Each survey received research ethics approval from a relevant committee or institution prior to fieldwork: 
Analysis
Published national reports varied in how participation rates were calculated, including treatment of those who were away. Some used refusal rates; others reported broader non-response, including not contacted; contacted but not eligible (e.g. language difficulties, lack of mental capacity); and refusals. For this study, functional equivalence for participation rates was obtained as follows:
Numerators were defined as those interviewed; or those consenting to have their weight/blood pressure measured, or provide a blood sample. Technical problems with obtaining the measurement or sample and factors that would exclude these from analysis within the survey (e.g. having smoked too recently before blood pressure was measured, or the blood sample being lost) were ignored: the aim was to assess differences in willingness to participate. For interview participation rates, the denominator was defined as all those sampled, except where the sampling frame was wrong (the address not existing or not being a private residence, for household-based surveys where the fieldstaff visited the address); the invitation letter was returned as undeliverable or 'not known at that address'; or people died before their clinic appointment (for individual-based surveys). For participation (consent) rates for physical and biological measurements, those capable of giving consent but ineligible for that specific measurement were excluded from the denominator (e.g. the weight of bed-bound individuals; pregnant women were not measured in England and Scotland). Other ineligible or excluded individuals, such as those who were away, in hospital or unable to give informed consent due to language problems or learning disability, remained in the denominator.
For household surveys sampling by address, in which more than one adult per household was selected (England and Scotland), interview participation rates were calculated both restricted to co-operating households (where at least one adult responded, providing household information as well as individual data), and overall, assuming the household composition of non-responding households was the same as co-operating households. For Ireland, the sampling frame for the examination survey was a subsample of those aged 45 years or older who were interviewed in the household survey, so participation rates have been multiplied by the household participation rate.
The four participation rate outcomes were: consent rate for blood pressure measurement (primary outcome measure), participation in the interview, and consent for weight measurement and for providing a blood sample. These represented four stages of the surveys. Using the definitions above, we determined participation rates by age and sex, geography, and year. Depending on the data available, national participation rates were compared with data from the capital city (Greater London, Rome), the primate city 1 (Glasgow City/Greater Glasgow area), [42] or major metropolitan areas (Berlin, Munich, Hamburg and Frankfurt combined, Helsinki-Vantaa).
Where possible, age-standardized rates using the European Standard Population [43] were calculated for participants aged 35-64 years, covering the agegroups included in most surveys. Due to differences in the age-groups included and the calculations of participation rates between individual-based and household-based surveys, results presented are not directly comparable between countries.
Results
Sampling in European national health examination surveys
Sampling frames in these seven national HESs can be divided into two groups; individual-based and householdbased. All individual-based sampling frames were population registers, either national or local. Population registers, commonly available in Europe, list people living in the country/region but obviously there are some technical problems with homeless individuals, etc. They may be listed in the population register but without a permanent address. In three surveys, household-based -sampling frames were used because of the lack of population registers in those countries: in these surveys, the sampling frames were address files ( Table 1) .
All surveys covered both men and women. In England and Scotland, all people (without age limit) were included in the survey. In Ireland, people from age of 18 years without an upper age limit were included; those aged 18-44 years had their height, weight and waist circumference measured and those 45+ years old were invited for a full physical examination. The other four surveys had narrower age limits. The age group 35-64 years was common to all seven surveys ( Table 1) .
In each survey, all people living in the country were included in the target population to the extent it was possible to list them in the sampling frames, i.e. the target population was residents not citizens. For practical reasons, in the three household surveys, only people living in private households were included, i.e. institutionalized people were excluded from the target population (Table 1) .
In each survey, probability sampling was used. In three surveys (Finland, Italy and the Netherlands), survey areas were selected based on availability/feasibility criteria and individuals within each selected areas were selected using random sampling from the population register. In these surveys, samples were stratified by age group and sex. In Germany, where part of the sample was based on re-invitation of participants of the previous HES (conducted in 1998), the additional new sample was selected using a two stage random sample [33] . In the three surveys using household sampling, two stage sampling was used. In the first stage, the local areas were selected (postcode sectors). In the second stage, a set number of households were selected from each of the selected areas. Within selected households, sampling procedures to select individuals varied between surveys ( Table 1) . The original sample size in these surveys varied from 10,000 to 17,117 individuals in surveys based on samples of individuals and from 8,736 to 19,185 households in surveys based on household sampling (Table 1 ).
In individual-based surveys, people who had died or moved out from the survey area were considered as ineligible for the survey. In Germany, people who did not understand basic German and in Italy people who were outside the survey area for the entire survey period were also classified as ineligible for the survey. In householdbased surveys, vacant, demolished, and non-residential buildings were classified as ineligible (Table 1) .
Eligible sample sizes (original sample size minus those not eligible) for individual based surveys varied from 9,905 to 16,477 individuals. For household surveys, eligible sample sizes were from 7,564 to 16,681 households. In surveys using population registers as sampling frames, the proportion who were ineligible was 1 %-7 % and in surveys using address lists as sampling frames, 10 %-13 % ( Table 1) .
Recruitment
In all surveys except in Finland and Ireland, the first contact with survey invitees was either an advance letter or an invitation letter. In Finland, survey invitees received first a short message service (SMS) text message which was then shortly followed by an invitation letter. In Ireland, the invitation to take part in the health examination was given by the interviewer who located the address ( Table 2) .
The recruitment processes after the initial contact with the survey invitees varied between countries. There were different combinations of reminder letters, phone calls and home visits. The number of contact attempts varied from one upwards ( Table 2) .
In all surveys, feedback about the examination results was provided for survey participants. In Italy lifestyle advice was also provided for survey participants. In England, Germany, the Netherlands and Scotland, monetary incentives were used to promote participation. In Germany, cash was provided at the end of the health examination, while in other surveys, vouchers were given. In the Netherlands, receiving the voucher was conditional on participation while in England and Scotland, the voucher was sent to the household with the advance letter, i.e. it was unconditional on participation (Table 2) .
In England, Ireland and Scotland, face-to-face interviews and self-completed questionnaires were filled in during the interview at the survey participant's home. In Italy, an interview was conducted at the examination centre. In Finland, Germany and the Netherlands, questionnaires were sent to the survey invitees and they were filled in before coming to the examination site. The questionnaires were checked by survey staff during the examination visit. In Germany, additional information was collected by a second self-administered questionnaire and personal interviews at the examination site (Table 2) .
In England and Scotland, health examinations were carried out by trained nurses in the survey participant's home; additional questions were asked by the nurse during this visit. In other countries, health examinations were conducted in fixed examination centres (Table 2) .
In Finland, health examinations were carried out during working days (Monday-Friday) while in other countries examination times were also offered at the weekends (Saturday and/or Sunday) ( Table 2) .
The times of the day when health examinations were carried out also varied between countries. In England and Scotland, which conducted the health examinations at the survey participant's home, times throughout the day from morning to late evening were offered. In Ireland, appointments were available all day. The time frame for the examinations was narrowest in Finland: from 11:00 until 18:00. In Germany and Italy both morning and evening hours were available. In the Netherlands, the survey started (phase I) with only morning hours but to boost participation, evening hours were offered in phase II of the survey (Table 2) .
Participation rates
The common age group in all surveys was 35-64 years, except in Ireland with no blood pressure measurements or sample collection for participants aged [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] . Participation rates were generally higher in women than in men, except in Ireland, where they were equal, and in Germany, where men aged 35-64 had a higher participation rate. Participation rates increased with age up to 64 in all surveys. For older age groups, participation rate was lower in women in Germany and in both sexes in Italy (Table 3) .
In surveys where all physical measurements and sample collection were done at examination centres, participation rates differed little between weight measurement, blood pressure measurement and blood sample collection, varying by only 0-3 percentage points (pp) in Italy, Ireland and the Netherlands; in Finland, blood sample consent rates were 5-8 pp lower than interview rates; in Second self-administrated questionnaire and interviews at the examination site.
Ireland -SLAN Face-to-face invitation from interviewer who located the address.
Home visit as part of health interview survey.
Full report from medical staff on physical measurements and blood/urine analysis results.
By interview at the home of the participant before examination and for those participating in full HES part, additional questionnaire asked by a nurse at the examination centre/home visit. Germany, blood sample consent rates were 4-9 pp lower than the BP measurements. In Germany, some of the difference was due to people who were unwilling or unable to attend the centre having a telephone interview. However, in England and Scotland, the fully household-based surveys where two visits by survey staff were required and measurements were conducted in the participants' home, there was a marked reduction in participation rate for each successive measure in the survey of 38-46 pp among adults in participating households ( Table 3) .
Except for Finland, participation rates for capital or primate cities and major metropolitan areas were consistently around 8-15 pp lower than the national average (Table 4 ). In England and Scotland, differences occurred in both the initial household participation rate and the proportion having a nurse visit but individual participation rates within co-operating households varied little from the national average. Participation rates have fallen over the past decade in each country for which comparable data were available, apart from the Netherlands NLdeMaat Phase II (Table 5) , with its substantial improvement in participation rates compared with phase I (Fig. 1) .
The average annual change in the other countries ranged from −0.7 to −1.5 pp; they were larger in women than men in Finland and Germany. In England, the falling participation rates for blood pressure measurement were greater in men than women and in younger than older people (Fig. 2 ). Falling participation rates in England occurred primarily for household participation (Fig. 3a) , but even within co-operating households, participation in successive stages each fell over time to a greater extent ( Fig. 3b and c) . The reduction in initial participation rates over time in Finland (Fig. 4) is similar to the household and estimated interview participation rates in England over the same period.
Participation rates in the four countries using monetary incentives (England, Germany, the Netherlands and Scotland) were lower than in the other surveys. In Finland, which had the highest participation rate among individual-based surveys, pre-notification and a reminder before appointment time by short message service (SMS) was used. No clear correlation was observed between the range of examination days and hours of day offered and the participation rates obtained.
Discussion
The main strength of this study is the inclusion of several European countries with significant experience of conducting nationally-representative health examination surveys. Differing definitions of response rates is a wellrecognised issue [44, 45] . The limitation of these different definitions of non-response, in each individual survey, was overcome by use of agreed uniform definitions for both numerators and denominators. As with comparisons of the findings of disparate heath surveys across Europe, [46] the lack of uniformity of survey methods prevents assessment of the impact of cultural differences within countries, and aspects of sampling, recruitment, and data collection on participation rates. Analysis is therefore limited primarily to comparisons within each country.
In countries which have either national or local population registers, these were used as the sampling frames for individuals. Countries without population registers constructed their sample using address files. Population registers have good coverage of the population; updating procedures are usually regulated by law [47] and occur regularly. Population registers include information about the name of the person, their address and often their sex and age as well. Address files do not list individuals but buildings; they often include vacant buildings, offices and other non-domestic houses. The updating frequency of address files varies between countries. For example in Ireland, the GeoDirectory identified 2.7 % of residential addresses as vacant while the Census reported 15 % of residential addresses as vacant [41] . The large proportion of ineligible addresses in address files (>10 % on average) increases the cost of making contacts as interviewers have to check all addresses. For practical reasons, people living in institutions are often excluded from health examination surveys, for example in the three surveys using household-based sampling. When people are asked to come to the fixed examination clinic, it may be impossible for institutionalized persons to participate. Also in cases where home visits are conducted routinely, or offered as an alternative for those not able to come to the examination site, inclusion of institutionalized persons may be difficult. Many institutionalized persons have illnesses which prevent their participation or ability to provide informed consent; in the case of prisoners, both the safety of the survey staff and the privacy of the examination may be difficult to guarantee. For the working aged population (18-64 years), the number of institutionalized people is a small proportion of the population and should not affect the representativeness of the survey results. In older age groups (65+ years), the proportion of the population living in institutions (such as care homes) is larger.3 %-6 % of people aged 64 and over in OECD countries, are living in long-term care institutions [48] : excluding them may affect the representativeness of the results.
The recent European recommendations (European Health Examination Survey) for conducting a national health examination survey determined that a sample size of at least 4000 persons is needed to survey the 25-64 year age group [49] . The EHES recommendations are similar to STEPS recommendations [50] . The sample size should be made up of equal numbers of men and women in each 10-year age group (500 in each group) in order to obtain nationally representative results. In each of the seven national health examination surveys, the sample size fulfilled this criterion even though in most of the surveys, a wider age group was covered.
Sending a short pre-notification letter for survey invitees before mailing out the invitation and questionnaire is technically easy to organize but for large population surveys it increases the cost of the survey. In some countries, sending a personalized pre-notification is not possible due to the sampling methods. In Finland, it was possible to send SMS messages for survey invitees as mobile phone numbers are widely available. In a recent, local HES within Finland, those receiving an SMS reminder were up to 25 pp more likely to participate [51] , although telephone reminders have not been found to have a significant effect [25] . The rapid increase of mobile phone subscriptions and at the same time decline in land-line subscriptions is opening new possibilities for contacting survey invitees [52] in countries where listings of mobile phone numbers are available.
In health examination surveys, home visits have also been used to contact survey invitees who do not respond to the invitation [28] . In the Netherlands, this was an effective way to convince people to participate, although it was instituted at the same time as several other changes to the recruitment procedures, making formal evaluation difficult.
For health examination surveys, a Norwegian study reported that many participants felt that incentives would impose commercial features on the survey and could undermine the confidence in the survey. They also noted that there were clear differences between population groups regarding acceptance of incentives. People from lower socio-economic classes and younger age groups, the population groups which tend to have the lowest participation rates in health examination surveys, had more positive attitude towards incentives [27] .
Although the larger the monetary incentive, the bigger the effect on participation rate [25] , there are diminishing a b effects of greater amounts. In some countries, research ethics committees have prevented the use of monetary incentives in health examination surveys. Therefore, not all surveys have had an equal opportunity to use monetary incentives. In England, use of an unconditional £5 voucher in the advance letter to the household increased household participation rates by 3 % [53] . In large health examination surveys, providing monetary incentives can have a significant effect on the survey budget but it may also reduce number of contact attempts needed and therefore reduce survey staff costs.
Little has been reported about people's preferences for day of the week and time of the day when it would be most convenient for them to participate in the survey. One would assume that availability depends on people's daytime commitments and lifestage. It has been shown in the Health Survey for England that people attending the survey outside 'office hours' have different demographic and socio-economic profiles than those attending during the day on weekdays [29] . Therefore, it is important to organize health examination surveys so that everyone is able to be seen when convenient for the participant. This means offering a wide range of opening hours for examination clinics and/or home visits to maximize participation. On the other hand, extensive opening hours makes it difficult to organize collection of fasting blood samples (at least when 8-12 hours fasting is required), which are usually collected in mornings after overnight fasting. Longer data collection hours can also require more field work personnel, which increase the survey cost.
Health examination survey participation rates across seven European countries were generally higher in women and older people, whether conducted in participants' own homes or an examination centre. Participation rates in the a b c Fig. 3 Participation rates by age and sex to different stages of the Health Survey for England, 1991-2011. Footnote to Fig. 3 . a Household and estimated interview participation rates. b Men in co-operating households. c Women in co-operating households National Health and Nutrition Survey (NHANES) in the USA were also higher among women. Although participation rates in NHANES increased by age among women until recently, the declining participation with age among older men now also occurs in women [54] . Participation rates declined over time by 7-15 pp in the past decade in the four countries for which comparable data were available. In NHANES, reported (interview and) examination response rates fell from (99 % and) 74 % of adults aged 25-74y in 1971-74 to (70 % and) 67 % aged 30-69y 2 in 2011-2012 [54] . These figures are not directly comparable with rates in our study as the NHANES data may not match our standardised definitions, however, the NHANES response rates remain high. It is possible that financial barriers to routine healthcare in the USA mean that the opportunity for a free health check has been a greater incentive in those countries than in European countries with universal healthcare.
Participation rates for England and Scotland presented in the Tables are based on households in which at least one adult responded, as the age and number of household members is otherwise unknown. After multiplying individual rates by household response rates, interview rates in England and Scotland were similar to or better than in other countries. However, the two-stage method used in England and Scotland for data collection had a marked reduction in participation in the second stage, with blood pressure measured in substantially fewer individuals than weight. There was further reduction in participation rates when blood sample consent was compared with blood pressure measurements, which occurred in the same survey nurse visit. This may reflect an unwillingness to provide blood samples in a domestic, non-clinical environment, particularly when the samples are not required for clinical reasons.
Participation rates in the examination elements in the five countries where participants attend a central location were uniformly high as a proportion of those interviewed, and participation rates for the three measurements varied little. However, the proportion attending as a percentage of the whole sample varied widely by age, sex, and country. In the Netherlands, the first phase of NLdeMaat had much lower participation rates, although already using more intensive recruitment than in the 1993-1997 MORGEN study. Phase II of NLdeMaat demonstrated that it was feasible to reproduce 'historical' participation rates, but at a much higher cost than previously.
The lower participation rate in capital cities has been noted before within individual studies [55] ; we have confirmed this as a problem in most primate cities and metropolitan areas. Lower contact rates (a necessary first step before participation can be requested in surveys based on an interviewer calling in person, such as the household-based surveys) occur in more highly urbanized areas [56] . Groves and Couper relate this in part to these areas have a higher preponderance of less accessible household types, with more multi-unit dwellings, single-person households (thus a reduced likelihood of anyone being home when an interviewer calls), renteroccupied homes, more time spent commuting, and more entertainment options [56] . Large metropolitan areas also have a younger and more mobile population (increasing non-contact rates), greater poverty (also increasing noncontact [57] ), and larger immigrant populations with more language barriers to survey participation, both through comprehension problems [33, 58] and language-related barriers of perceived relevance [58] . In the German DEGS1 study reported here, participation rates were inversely proportion to conurbation size (53 % in localities with a population <5,000; 35 % in cities of 500,000+) [59] . Participation rates were 10 pp higher among German than other nationals in DEGS1 [59] .
The main concern over lower participation rates is the extent to which the results are representative of the underlying population, with non-response bias if participation is not random. Groves summarised five theoretical models relating response propensity to the likelihood of non-response bias [60] . He concluded that while non-response bias does occur, it is not a simple function of the non-response rate: higher response rates reduce the risk of such bias but not the actual presence of such bias. Non-respondents to health examination surveys have higher mortality than participants [11, [15] [16] [17] . Socio-economic position is associated with non-response [11, 23] ; one study found that deprivation was associated with difficulty in making contact but individuals in less deprived areas had higher refusal rates [57] ), Other studies found higher response rates among more educated individuals [13] . Some but not all studies have found both demographic and health differences between those responding early to a survey and those requiring greater effort to contact or to encourage into the survey [61, 62] . Representativity indicators have been proposed to replace response rates; they can be generated during fieldwork to target less represented potential participants (a responsive survey design) [63] . Field substitution to address differential non-response has little effect on the results [64] but post-survey adjustments (e.g. non-response; weighting) removes these differences, [61, 64, 65] with a suggestion to reduce fieldwork costs (or increase sample size) by reducing efforts to contact or convert non-responders and weighting data instead [61, 66] .
Factors influencing decisions to participate in a survey include societal and individual level factors, survey design, and interviewer attributes [67] . In addition, the perceived relevance or sensitivity of the topic can affect participation. Thus health surveys may have healthrelated non-response bias both because those whose health is less good are more likely to be available [29] to contact, and because the survey may appear more salient to them. Gibson et al. have found reporting heterogeneity for similar health questions on limiting longterm illness, with lower prevalence among census respondents than health survey participants [68] . In contrast, alcohol consumption is often under-estimated by surveys; Gray et al. compared morbidity-linked survey and population data and proposed a method to develop more accurate (higher) alcohol consumption estimates using multiple imputation [69] . However, Hall et al. found that nonresponse weighting bias addressed health variables adequately, other than smoking, but not attitudinal variables [66] .
Conclusion
Seven national health examination surveys conducted in Europe in 2007-2012 can be classified either as individualbased or as household-based surveys. For each survey, the best available sampling frame within the country was used and recruitment methods were adjusted for national needs. Participation rates differ by age, sex, country, and survey design but have fallen over time in most countries. There is no single correct way to organize a national HES but national circumstances, cultural requirements and norms, and the resources available have important roles in effective survey organization. Experience in the Netherlands shows that higher participation rates can be maintained through intensive efforts but these incur considerable costs.
Endnotes
1 The primate city is a major city that is at least twice as large as the next largest city and more than twice as significant, e.g. Greater Glasgow in Scotland.
2 Data are not published for the same age groups in earlier and more recent years. In 2011-12, response rates were substantially higher among those aged 30-69y than those 20-29y or 70+, so the age-groups presented in the text underestimate the fall in response rates.
